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Description 

, The P re8 ! e " t invention relate8 generally to the reinforcement of hollow structural members and more specffl- 
. reinforcement of structures having enclosed regions that present special access problems. 

« [0002] In recent years, a number of (actors have necessitated fundamental changes In the approach to automotive 
structural design. These include the need to meet ever-Increasing Impact resistance and fuel economy standards and 

at odds with one another. For example, impact resistance can in most cases be achieved simply by increasing steel 
thlctoess or through the use of high strength steels. These approaches, however, generally Increase vehicle weight 
10 and/or cost. Although lightweight resins are available which can be used to fill entire hollow cavities of structural mem- 
en^^Meie Co**'' 8tr8ngth ' 01686 m8ter1ate 8/6 expenstve and *» melr «*• m g«at quantities undesirably in- 
[0003] The present inventor has pioneered a novel approach to structural part reinforcement through localized rein- 
forcement of critical regions using microsphere-fllled thermally expandable resins, such as: a composite door beam 

bH TJrtlZZl!^* °? UPie8 n0t m ° re 0ne * W of *• bore * a metal tu ^« "oBow laminate 
beam characterized by high stlffness-to-mass ratio and having an outer portion which is separated from an inner tube 
by a thin tayer of structural foam, a W-shaped carrier insert reinforcement which carries afoam body for use in eln 

^"J*™'' f bUlkhe8d Ut " l2e8 8 thermally "^ridable to Provide localized reinforcement of a 
rail for the attachment of an engine cradle or the Ike. 

20 [0004] Although these techniques are well suited for a number of applications, there exists a need for localized 
reinforcement of regions having special access problems. More specifically. In a number of hollow structural parts the 
member has an enclosed region or space which Is located some distance from the opening of the apace and Isdlfficult 
to reach due to a curvature or bend in the member. In some instances the member and the channel which It defines 
have an irregular geometry that makes access to a particular internal region difficult. Of course, in some IrmtanceH 

23 may be possible to sknply fill the entire structure with a liquid resin which is then cured, but aa stated aboveihis 
approach may be prohibitively expense In a number of applications. ' 
[OXW] JP01069309 describes a method for introducing a foaming agent into a porous reinforcing structural member 

SE? "IT""?. 8eCt, °. n ; A t* * b0rBd ,nt0 0,8 body and a *»*B ^ Poured In. The subJect-mWof 
this document forms the baste for the preamble of claim 28 ^ w 

90 S Z^ZH^Z «™***^B « |»«ow member by .netting a foam precursor means within the mem- 
ber and thereafter heating the structure. A heat sink formed from a length of light gauge steel tubing, carrying a liquid 
foam precursor mixture In an envelope Is located in a fixed position within the hollow member. This documem discloses 
a structural reinforcement member according to the preamble of claims 1 and 20 

[0007] Accordingly, there Is a need for an alternative method of providing localized reinforcement of such parts. The 
as present Invention provides a solution to this problem. ^ 

[0008] According to a first aspect of the present invention there is provided a structural reinforcement member com- 
prislnge flexible member, which bends as pressure is applied such that it can be fed Into a hollow structural part having 
a cavity of non-straight linear geometry and go through at least one bend, having a length greater than its diameter or 
width characterised In that at least a portion of an external surface of said length of said flexible member I. covered 

F" 0 ? "^f ' Urme !' 0bJeCt 01 * e pre8ent inventten to ProvWe a method of introducing a localized resin reinforcement 
in a structural part where the region to be reinforced is beyond a curvature in a channel 

is 1 8 """I" ° bjeCt 01 the Pfe8ent lnvention 10 provide a method of centralizing a resin reinforcement in 

45 a hollow structural part in a region which is difficult to access. 

r ?°Il ] Z^?'"? t0 8 Se !° nd aspect 0f ,he Dre8ent hventten ,here "« P"»vWed a method of reinforcing a hollow 

SSSSSS^ ^2 ° f T 8tr8i9ht " near fle ° met,y and at tea8t one bend reinforcement at said bend 
characterised in that It comprises the steps of: 

*> inserting a flexible member into the cavity of said hollow structural part, 

bending and feeding the flexible member through the cavity until the expandable resin is located at the bend- and 
expanding the exparuiabler^ 

„ , one embodiment the present invention provides a method of reinforcing a part in a localized region The 

» rnethodindudestnestepsofprewdingaflexiblernemoerha^ 

at least a portion of the flexible member with a thermally expandabie resin; and Insslg the flexIbtenSr^oS 
cavity of a hollow structural part The insertion step includes the step of bending the flexible member to acc^date 
the geometry of the part cavity. The resin is then thermally expanded such that the resin is bonded to the structural 
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part. In this manner, localized reinforcement can be achieved for any number of parte whose Internal geometry would 
make it difficult or impossfole to reinforce using conventional techniques. 

[0013] According to a third aspect of the present invention there is a reinforced hollow rigid structural part having an 
elongated cavity of non straight linear geometry and at least one bend said hollow structural part being reinforced at 

s said bend by an expanded resin which is a structural foam expanded into intimate contact with and bonded to said 
hollow structural part at the bend said reinforced hollow structural part being characterised in that a flexible member 
runs longitudinally through the cavity of said hollow structural part and the expanded resin at the bend. 
[0014] In one embodiment, the flexible member is a tube around which the resin Is applied as a layer or coating. The 
resin-coated tube is then inserted in the structural part and bends as pressure is applied such that it can be fed into 

10 the part cavity, i.e. it conforms to the desired shape as It is inserted into the part 

[0015] In one embodiment, the resin includes a blowing agent and glass microspheres. After the flexible member is 
in place in the part, the part is heated, for example after installation in a motor vehicle, to a temperature sufficient to 
activate the blowing agent and thermally expand the resin. As the resin expands it bonds to the Inner walls of the part 
forming a tube-in-tube type structure with high strength characteristics. 

15 [0016] In one embodiment, the thermally expanded resin includes, In parts by weight, from about 40% to about 80% 
resin, from about 10% to about 50% microspheres, from about 0.5% to about 5% blowing agent, from about 1% to 
about 15% filler, from about 0.5% to about 2% accelerator and from about 1% to about 8% curing agent 
[0017] In still another embodiment, the flexible member includes one or more stand-offs which space it from the inner 
walls of the structural part 

20 [0018] These and other aspects, features and objects of the invention will be more fully described in the following 
detailed description of the preferred embodiments of the invention with reference to the drawings. 

Figure 1 illustrates a resin support tube used in the method of the present invention. 

Figure 2 illustrates a side elevational view partly in section showing the position of the unexpended resin on the 
25 resin support tube. 

Figure 3 illustrates another resin support tube with a covering of unexpanded resin. 

Figure 4 depicts a curved structural member In cross-section to reveal the resin support tube In position prior to 
expansion of the resin. 

Figure 5 depicts the curved structural member of Figure 4 In cross-section, revealing the expanded resin forming 
so an internal reinforcement. 

Figure 6 is a front view of a resin support tube having radial stand-offs for use In the present invention. 
Figure 7 is an end view of the support tube of Figure 6 In the direction of arrow 7-7. 

Figure 8 depicts a curved structural member in cross-section, revealing the unexpanded resin and the placement 
ofthestand-offe. 

S3 

[0019] Referring to Figures 1 and 2 of the drawings, flexible member or tube 20 is shown which serves as a support 
for unexpanded resin sheath 22. Flexible member 20 is most preferably a hollow tube similar to that used as a conduit 
for electrical wiring 23. Various flexible conduits will be known to those skilled In the art. One particular preferred flexible 
conduit is a metallic spiral tube which can be flexed without metal deformation due to Its spiral construction. Of course, 

*> It may not be necessary for tube 20 to be round in cross section and other configurations such as square or oval may 
be suitable. Where flexible member 20 is a hollow metal tube It wiO typically be formed of aluminum and will preferably 
have a wall thickness of from about .5 to about 1 .2 mm. The diameter of tube 20 will vary depending upon the application, 
but will typically be from about 8 to about 40 mm and will typically have a length of from about 50 to about 800 and 
preferably 200 mm in most automotive applications. In some applications, tube 20 will be deformed beyond Its elastic 

45 limit during placement in the structure to be reinforced. In addition, in some applications a more elastic tube or rod can 
be used which is essentially spring biased in position in the structural cavity. Although hollow tube 20 is most preferred, 
particularly since it provides a lightweight structure, solid rods may also be used. It may be desirable to use plastic 
rods or tubes, rather than metal, as tube 20 in some applications. 

[0020] The length of tube 20 is a function of the distance to the site to be reinforced from the cavity opening. The 
50 length of tube 20 is greater than its diameter or width and in many applications tube 20 will be preferably at least 5 
times or may be 20 times and often more than 1 00 times longer than Its diameter In cross section. In many applications, 
tube 20 will have a length of from about 50 to about 200 mm. Also, in some applications, It may be desirable to cover 
substantially aii of tube 20a, shown as a spiral conduit in .Figure 3, wth resin sheath 22a. 

[0021] Resin sheath 22 in most applications will be a layer extending around the entire outer surface of tube 20 and 
53 will usually tie of relatively uniform thickness, for example from about 2 to about 6 mm, In the unexpanded state. Resin 
sheath 22 can be prepared by die cutting a sheet of resin to the requisite geometry and the wrapping the pre-cut sheet 
around tube 20. Alternatively, the coating may be molded on the carrier, although It may be possible to use other forms 
of coating, such as by spraying or the like. 
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[0022J The polymer used to form resin sheath 22 is a resin based material which is preferably thermally expandable 
A number of resin-based compositions can be utilized to form resin sheath 22 in the present Invention. The preferred 
compositions impart excellent strength and stiffness characteristics while adding only marginally to the weight. With 
specific reference now to the composition of sheath 22, the density of the material should preferably be from about 
(0.32 g cm* (20 pounds per cubic feet) to about 0.80 g cm* (50 pounds per cubic feet) to minimize weight. The melting 
point, heat distortion temperature and the temperature at which chemical breakdown occurs must also be sufficiently 
high such that sheath 22 maintains Its structure at high temperatures typically encountered in pain ovens and the like. 
Therefore, sheath 22 should be able to withstand temperatures in excess of 1 60° C (320 degrees F.) and preferably 
1 76°C (350 degrees F.) For short times. Also, sheath 22 should be able to withstand heats of about 32°C (90 degrees 
F.) To 93 °C (200 degrees F.) For extended periods without exhfolting substantial heat-induced distortion or degradation. 
[0023] In more detail, in one particularly preferred embodiment the thermally expanded structural foam of sheath 22 
includes a synthetic resin, a cell-forming agent, and a filler. A synthetic resin comprises from about 40 percent to about 
80 percent by weight, preferably from about 45 percent to about 75 percent by weight, and most preferably from about 
50 percent to about 70 percent by weight of sheath 22. Most preferably, a portion of the resin includes a flexible epoxy. 
As used herein, the term "cell-forming agent" refers generally to agents which produce bubbles, pores, or cavities In 
sheath 22. That is, sheath 22 has a cellular structure, having numerous cells disposed throughout Its mass. This cellular 
structure provides a low-density, high-strength material, which provide a strong, yet lightweight structure. Cell-forming 
agents which are compatible with the present invention include reinforcing "hollow" microspheres or mlcrobubbles 
which may be formed of either glass or plastic. Glass microspheres are particularly preferred. Also, the cell-forming 
agent may comprise a blowing agent which may be either a chemical blowing agent or a physical blowing agent Where 
the cell-forming agent comprises microspheres or macrospheres, It constitutes from about 10 percent to about 50 
percent by weight, preferably from about 1 5 percent to about 45 percent by weight, and most preferably from 20 percent 
to about 40 percent by weight of the material which forms sheath 22. Where the cell-forming agent comprises a blowing 
agent, it constitutes from about 0.5 percent to about 5.0 percent by weight, preferably from about 1 percent to about 
4.0 percent by weight, and most preferably from about 1 percent to about 2 percent by weight of sheath 22. Suitable 
fillers include glass or plastic microspheres, fumed silica, calcium carbonate, milled glass fiber, and chopped glass 
strand. A thixotroplc filler is particularly preferred. Other materials may be suitable. A filler comprises a from about 1 
percent to about 1 5 percent by weight, preferably from about 2 percent to about 1 0 percent by weight and most pref- 
erably from about 3 percent to about 6 percent y weight of sheath 22. 

[0024] Preferred synthetic resins for use In the present Invention Include thermosets such as epoxy resins, vinyl 
ester resins, thermoset polyester resins, and urethane resins. It is not intended that the scope of the present invention 
be limited by molecular weight of the resin and suitable weights will be understood by those skilled In the art based on 
the present disclosure. Where the resin component of the liquid filler material is a thermoset resin, various accelerators, 
such as imidlzoles and curing agents, preferably dlcyandiamide may also be included to enhance the cure rate. A 
functional amount of accelerator is typically from about 0.5 percent to about 2.0 percent of the resin weight with cor- 
responding reduction in one of the three components, resin, cell-forming agent or filler. Similarly, the amount of curing 
agent used is typically from about 1 percent to about 8 percent of the resin weight with a corresponding reduction In 
one of the three components, resin, cell-forming agent or filler. Effective amounts of processing aids, stabilizers, col- 
orants, UV absorbers and the like may also be included in layer. Thermoplastics may also be suitable. 
[0028] In the following table, a preferred formulation for sheath 22 Is set forth. It has been found that this formulation 
provides a material which fully expands and cures at about 1 60°C 320 degrees F.) and provides excellent structural 
properties. All percentages In the present disclosure are percent by weight unless otherwise specifically designated. 



INGREDIENT 


PERCENTAGE BY WEIGHT 


EPON 828 (epoxy resin) 


37.0 


DER 331 (flexible epoxy resin 


18.0 


DI-CY (dlcyandiamide curing agent) 


4.0 


IMIDIZOLE (accelerator) 


O.B 


FUMED SILICA (thixotroplc filler) 


1.1 


CELOGEN (RTTM) A2199 (azodkarbonamlde blowing agent) , 


a*- .* 1Av 


B38 MICROS (glass microspheres) 


37.0 


WINNOFIL (ATM) CALCIUM CARBONATE (CaC0 3 filler) 


0.8 



[0026] Referring now to Figure 4 of the drawings, structural part 24 is seen in cross section and defines cavity 26. 



EP0893332B1 

For the purpose of illustration only, structural part 24 Is shown here as a portion of an automotive roll bar. Other preferred 
applications are for use in reinforcing top A-pillar joints and seat frames. Structural part 24 has an arcuate or curved 
portion 28 which defines an arcuate portion 30 of cavity 26. Cavities similar to cavity 26, i.e. those which are difficult 
to access, are the focus of the present invention. Flexible tube 20 Is shown in position in cavity 26 prior to thermal 

9 expansion of the resin. Tube 20 is bent to conform to the shape of cavity 26. This shaping operation Is preferably 
performed in place. In other words, flexible tube 20, having resin sheath 22 positioned at a preselected location relative 
to the ends of tube 20, in inserted into cavity 26. As force is applied to tube 20 it moves farther through the passage. 
As it encounters resistance from the inner wails 32, flexible tube 20 bends, thereby "snaking" Its way through cavity 
26, including beyond arcuate portion 30. Alternatively, it may be possible In some applications to bend tube 20 to a 

10 conforming geometry prior to inserting it into cavity 26. Flexible tube 20 is inserted a distance sufficient to bring resin 
sheath 22 into position at arcuate portion 28. Once in position, outer end 34 of tube 20 is clamped into position relative 
to tube 20 with a clamp (not shown) or otherwise fixed in position, if required. 

[0027] The cavity 26 is of non-straight linear geometry which could be more complicated than having simply one 
bend with its arcuate portion such as illustrated in Figure 4. Where there are multiple bends or irregularities a resin 

15 sheath 22 could be provided for some or all of these irregularities, this could be done by providing individual spaced 
resin sections or by providing one or more continuous resin sections which are located at two or more bends. 
[0026] Referring now to Figure 5 of the drawings, resin 22 is shown in the expanded state. That Is, once tube 20 and 
resin 22 are in position in structural part 24, the resin is expanded by heating the entire assembly to a temperature 
which activates the blowing agent to expand and cure resin sheath 22. In automotive applications that is typically 

20 achieved as the vehicle moves through the paint oven. Resin 22 expands to several times Its original volume, preferably 
at least twice its original volume. The expanded resin contacts and bonds firmly to surrounding walls 32 of structural 
part 24. It also cures to form a rigid reinforcement in part 24. In this manner, a minimum amount of resin is used at the 
precise location where reinforcement Is required. 

[0029] Referring now to Figures 6 and 7 of the drawings, tube 20 is provided with radical stand-off assembly 36 which 
25 has legs 38, typically two to four in number. As seen In Figure 8, stand-off assembly 36 serves the function of generally 
centering tube 20 In structural part 24. It may be preferable to make tegs 38 somewhat resilient, i.e. it may be desirable 
to allow legs 38 to flex inwardly as tube 20 is inserted into cavity 26. 

[0030] While the invention has been described primarily in connection with automotive or vehicle parts, it is to be 
understood that the invention may be practiced as part of other products, such as aircrafts, ships, bicycles or virtually 

so anything that requires energy for movement Similarly, the Invention may be used with stationary or static structures, 
such as buildings, to provide a rigid support when subjected to vibration such as from an earthquake ro simply to 
provide a lightweight support for structures subjected to loads. Additionally, while the Invention has been described 
primarily with respect to heat expandable foams and with respect to metal parts such as the structural part and the 
flexible member, other materials can be used. For example, the foam could be any suitable known expandable foam 

35 which is chemically activated into expansion and forms a rigid structural foam. The flexible member could be made of 
materials other than metal such as various plastics or polymeric materials or various wood type fibrous materials having 
sufficient rigidity to function as a back drop or support for the foam. Where a heat expandable foam is used the flexible 
member should be able to withstand the heat encountered during the heat curing. Where other types of foam materials 
are used, however, It is not necessary that the flexible member be able to withstand high temperatures. Instead, the 

40 basic requirement for the flexible member Is that it have sufficient rigidity to function In its intended manner. It Is also 
possible, for example, to use as the flexfcle member materials which in themselves be come rigid upon curing or further 
treatment. The invention may also be practiced where the structural part Is made of materials other than metal, ft is 
preferred, however, that materials be selected for the structural part and flexible member, as well as the foam, so that 
the thin unexpended foam upon expansion forms a strong bond with the structural part and flexible member, so that a 

45 structural composition will result. 

[0031] While particular embodiments of this invention are shown and descrtoed herein, it will be understood, of 
course, that the invention is not be limited thereto since many modifications may be made, particularly by those skilled 
in this art, in light of this disclosure. It is contemplated, therefore, by the appended claims, to cover any such modifi- 
cations as fall within the scope of this invention. 

50 

Claims 

1. A structural reinforcement member comprising a flexible member (20), which bends as pressure is applied such 
55 that it can be fed into a hollow structural part (24) hewing a cavity (26) of non-straight linear geometry and go 
through at least one bend (28), having a length greater than its diameter or width characterised in that at least 
a portion of an external surface of said length of said flexible member (20) is covered with a layer or coat of an 
expandable resin (22) which will bend with the flexible member as pressure is applied to the flexible member. 



6 



13 



20 



23 



EP0893 332B1 

2. A structural reinforcement member as claimed I* claim 1 , wherein the length of the flexible member (20) is at least 
five times its diameter or width. ' 

3. A structural reinforcement member as claimed In claim 1 or 2, further comprising a stand-off assembly (36) for 
generally centering the flexible member (20) In the structural part (24). 

4. A structural reinforcement member as claimed in claim 1 , 2 or 3, wherein the flexible member (20) is hollow. 
A structural reinforcement member as claimed in claim 1 , 2, 3 or 4, wherein said flexible member (20) has a spiral 



5 

w construction. 



6. A structural reinforcement member as claimed in daim 1 ,2 or 3, wherein the flexible member (20) Is solid. 

7. A structural reinforcement member as claimed In any of the preceding claims, wherein the expandable resin (22) 
is thermally expandable and contains hollow microspheres. 

8. A structural reinforcement member as claimed in any of the preceding claims, wherein the diameter of the flexible 
member (20) is from 8 to 40 mm and its length Is from 50 to 200mm. 

9. A structural reinforcement member as claimed in any of the preceding claims wherein the layer (22) encircles and 
encases at least a portion of the flexible member. / ■nwrcwe wia 

10. A structural reinforcement member as claimed In any of the preceding claims, wherein the layer (22) has a uniform 
thickness of from 2 to 8 mm. : 

1 1 . A structural reinforcement member as claimed In daim 4 having a wall thickness of from 0.5 to 1 .2 mm. 

12. A structural reinforcement member as daimed in any of the preceding claims, wherein the flexible member (20) 
Is formed of metal. ^ ' 

13. A structural reinforcement member as daimed In claim 12, wherein the metal is aluminium. 

14. A structural reinforcement member as claimed in any of the preceding claims which Is substantially covered bv 
the expandable resin (22). 7 7 

15. A structural reinforcement member as claimed in any of the preceding claims, wherein the expandable resin (22) 
is thermally expandable and includes, in parts by weight, from 40% to 80% resin, from 1 0% to 50% microspheres 
from 0.5% to 5% blowing agent, from 1 % to 15% filler, from 0.5% to 2% accelerator and from 1% to 8% curing agent! 

16. A structural reinforcement member as claimed in any of the preceding claims, wherein the resin (22) is thermaHy 
expandable and includes, in parts by weight, 55% epoxy resin, 4% dicyandiamide curing agent, 0.8% imidizole 
accelerator, 1.1% fumed silica, 1 .2% azodicarbonamide blowing agent, 37% glass microspheres, and 0.9% calcium 
carbonate filler. 

« 17. A structural relnforoement as claimed in any of claims 1 to 5 or 7 to 16, wherein the flexible member (20) is a hoUow 
tube with electrical wiring extending longitudinally therein. 

18. A structural reinforcement member as claimed in any of the preceding claims, wherein the expandable resin (22) 
is a die cut sheet which is wrapped around the flexible member or is a coat molded onto the flexible member (20). 

19. A structural reinforcement member as claimed In any of claims 1 to 18 In which the expandable resin (22) is able 
to withstand a temperature of about 32«Cto93»C for extended periods without exhibiting substantially heat induced 
distortion or degradation. 
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20. A method of reinforcing a hollow structural part (24) having a cavfty (26) of non straight linear geometry and at 
least one bend (28) with reinforcement (22) at said bend (28) characterised In that it comprises the steps of: 

inserting a structural reinforcement member (20) as claimed in any of claims 1 to 1 9 into the cavfty (28) of said 
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hollow structural part (24), 

bending and feeding the structural reinforcement member (20) through the cavity (26) until the expandable 
resin (12) is located at the bend (28); and 

expanding the expandable resin such that the expandable resin is bonded to said hollow structural part (24) 
5 at the bend (28). 

21 . The method of reinforcing a part as claimed in claim 20, wherein the part is selected from the group consisting of 
an A-pillar joint, a seat frame and a roll-bar for a motor vehicle. 

10 22. The method of reinforcing a part as claimed in claim 20 or 21 wherein the structural reinforcement member has 
an attached stand-off assembly (38) for spacing the structural reinforcement member from the part inner walls 
prior to the expansion step. 

23. The method of reinforcing a hollow structural part as claimed in any of claims 20 to 22, wherein the structural 
is reinforcement member is inelastically deformed prior to the insertion step, the deformation being such that the 

structural reinforcement member conforms to the geometry of the cavity (28). 

24. The method of reinforcing a hollow structural part as claimed in any of claims 20 to 22, wherein the structural 
reinforcement member is shaped during the insertion step by contact with the hollow structural part (24). 

20 

25. The method of reinforcing a hollow structural part as claimed In any of claims 20 to 24, wherein the structural 
reinforcement member is secured in the hollow structural part (24) prior to the expansion step. 

28. The method of reinforcing a hollow structural part as claimed In any of claims 20 to 25, wherein there are a plurality 
23 of bends, and the resin (22) Is located at more than one of the bends. 

27. The method of reinforcing a hollow structural part as claimed In any of claims 20 to 26, wherein the part is a vehicle 
part, the resin (22) is thermally expandable, and the resin Is expanded in a vehicle paint oven during a painting step. 

so 28. A reinforced hollow rigid structural part (24) having an elongated cavity (26) of non straight linear geometry and 
at least one bend (28) said hollow structural part being reinforced at said bend (28) by an expanded resin (22) 
which Is a structural foam expanded into Intimate contact with and bonded to said hollow structural part (24) at the 
bend (28) said reinforced hollow structural part being characterised In that a flexible member (20) runs longitu- 
dinally through the cavity (26) of said hollow structural part (24) and the expanded resin (22) at the bend (28). 

33 

29. A reinforced hollow structural part as claimed in claim 28, wherein said hollow structural part is a vehicle part 
selected from the group consisting of a roll-bar, an A-pillar joint and a seat frame. 

30. A reinforced hollow structural part as claimed In claim 28 or 29, wherein said flexible member (20) is hollow, and 
40 electrical wiring (23) extends longitudinally through said flexible member (20). 

31 . A reinforced hollow structural part as claimed In claim 28, 29 or 30 including at least one stand-off assembly (36, 
38) mounted around said flexible member (20) at a location outwardly of said expanded resin (22), said stand-off 
assembly having a plurality of outwardly extending legs (38) in said cavtty (26) In resilient contact with an inner 

43 surface of said hollow structural part (24). 



Patents naprQche 

30 1 . Strukturverstfirkungselement, das ein flexibles Element (20) aufweist, welches sich bei AusOben von Druck derart 
verbiegt, dasfl es in einen hohien Strukturteil (24) mlt einem Hohlraum (26) nichtgerader llnearer Geometrie ein- 
gefQhrt und durch wenigstens eine Krummung (28) hindurchgehen kann, und welches eine grdBere Lflnge ais 
seinen Ourchmesser oder seine Breite aufweist, dedurch gekenrueichnet, daes wenigstens ein Ted einer Au- 
Benflfiche der genannten Lflnge des genannten flexiblen Elementes (20) mlt einer Schicht Oder einem Uberzug 

33 aus einem ausdehnbaren Han (22) bedeck! ist, das sich mil dem flex/bten Element bei AusOben von Druck auf 
das flexible Element verblegen wlrd. 

2. Strukturverstfirkungselement nach Anspruch 1 , bei dem die Lfinge des flexfolen Elements (20) wenigstens das 
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fOnffache seines Durehmessere Oder seiner Breite betragt. 

3. arukturveretarkungselement nach Anspruch 1 Oder 2, das welter eine Abstandsbaugruppe (36) zum all oam «i„ M 
Zentneren dea flexiblen Elements (20) in dem StrukturteO (24) aufweist a»0emelnen 

4. Strukturverstarkungselement nach Anspruch 1 , 2 Oder 3, bei dem das flexible Element (20) hohl iat. 
5 - SSSSSl^ "** *-* 1 ' 2 ' 3 °* r 4 ' b8 ' *" dM ■"»"» ftodbte Ete ™ (20) einen 
6. Strukturverstirkungselement nach Anspruch 1, 2 Oder 3, bei dem das flexible Element (20) massiv ist. 

* 9 " e^enTT^ 

25 11 • Strutojrverstarkungselement nach Anspruch 4. das eine Wanddicke von 0,5 bis 1 2 mm aufweist 

12 * SS^r 98e,em6nt naCh e ' nem derVOrher9ehenden An8 P^. «- *» - flexible Etement (20) aus 

30 13 ' StruW">vefstflrkungselement nach Anspruch 12, bei dem das Metall Aluminium darsteltt 

14 " ^Z 6 H^T^T h 6,nem defV0rherSeh6nden An *P fQch# > da. frn wesenflfchen durch da. aus- 

40 16 ' ^kturvefBtarkungselement nach einem der vorhergehenden AnsprQche, bei dem das Hara (22) wimem^hn. 

mt b^SS 4% ^^Hartun^^id^o^^eT 

il£SS£ Azodtea^namld-Treibmittel, 37% Gla^ikmkOgelchen und 0.9% K**um£!£& 

« 17. Strukturverstarkungselement nach einem der AnsprQche 1 bis 5 oder 7 bis 16, bei dem das flexible Etemam »m 
ein hohtes Rohr mit sfch darin der Lange nach erstreckender Verdrahtung dareSIt ^ 

18 ' Fo^lrda^r d r inem H° r r ergehenden An8pr0che ' bel dem das unbare Harz (22) 

W&me verursachte Verzerrung oder VerechlechterungTzelgen. wewrrtflchen durch 

20. Verfahren zum Veratflrkem eine. hohlen Strukturtells (24), der einen Hohlraum (26) nlchtgerader lhearBrGeom*. 
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EinfOhren eines Strukturverstfirkungselements (20) nach einem der AnsprOche 1 bte 1 9 In den Hohtraum (26) 
des genannten hohlen Strukturteils (24), 

Biegen und FQhren des Stmkturverstfirkungselements (20) durch den Hohlraum (26), bis das ausdehnbare 
5 Harz (12) an der KrOmmung (28) angeordnet 1st; und 

Ausdehnen des ausdehnbaren Harzes derart, dass das ausdehnbare Han an den genannten hohlen Struk- 
turteil (24) an der KrQmmung (28) gebunden wird. 

w 21 . VeFfahren zum Verstfirken eines Toils nach Anspruch 20, bei dem der Tell von der Gruppe ausgewfihlt 1st, die aus 
einer A-Pfeilerverblndung, einem Sitzrahmen und einer Rollschiene fur ein Kraftfahrzeug besteht 

22. Verfahren zum Verstfirken eines Tells nach Anspruch 20 oder 21 , bei dem das Strukturverstfirkungselement elne 
befestfgte Abstandsbaugruppe (36) zum Beabstanden des Strukturverstfirkungselements von der TeiPnnenwand 

15 vor dem Ausdehnungsschrltt umfaset 

23. Verfahren zum Verstfirken eines hohlen Strukturteils nach einem der AnsprOche 20 bis 22, bei dem das Struktur- 
verstfirkungselement unelastisch vor dem Einfuhrungsschritt verformt wird, wobei die Verformung derart 1st, dass 
das Strukturverstfirkungselement der Geometric des Hohiraums (26) entspricht. 

20 

24. Verfahren zum Verstfirken eines hohlen Strukturteils nach einem der AnsprOche 20 bis 22, be! dem das Struktur- 
verstfirkungselement wfihrend des ElnfOhrungsschrffls durch Kontakt mit dem hohlen Strukturteii (24) geformt wird. 

25. Verfahren zum Verstfirken eines hohlen Strukturteils nach einem der AnsprOche 20 bis 24, bei dem das Struktur- 
23 verstfirkungselement In dem hohlen Strukturteii (24) vor dem Ausdehnungsschrltt befestigt wird. 

26. Verfahren zum Verstfirken eines hohlen Strukturteils nach einem der AnsprOche 20 bis 25, bei dem eine Anzahl 
von KrOmmungen vorliegt, und das Harz (22) an mehr als einer der KrOmmungen vorgesehen wird. 

30 27. Verfahren zum Verstfirken eines hohlen Strukturteils nach einem der AnsprOche 20 bis 26, be! dem der Tell elnen 
Fahrzeugteil darsteflt, das Harz (22) wfirmeausdehnbar 1st und das Harz In einem Fahrzeugfarbofen wfihrend 
eines Lacklerschrftts ausgedehnt wird. 

28. Verstfirkter hohler starrer Strukturteii (24) mit einem l&nglichen Hohlraum (26) nichtgerader linearer Geometrie 
33 und wenigstens einer KrQmmung (28), wobei der genannte hohie Strukturteii an der genannten KrOmmung (28) 

durch ein ausgedehntes Harz (22) verstfirkt wird, das ein in engen Kontakt mit dem genannten hohlen Strukturteii 
(24) an der Krummung (28) ausgedehnter und an den selben gebundener Strukturschaum 1st, wobei der genannte 
verstfirkte hohle Strukturteii dadurch gekennzelchnet let, dass ein flexibles Element (20) der Lfinge nach durch 
den Hohlraum (26) des genannten hohlen Strukturteils (24) und des ausgedehnten Harzes (22) an der KrOmmung 
40 (28) verifiuft. 

29. Verstfirkter hohler Strukturteii nach Anspruch 28, bei dem der genannte hohle Strukturteii ein Fahrzeugteil 1st, der 
von der Gruppe ausgewfihlt 1st, die aus einer Rollschiene, einer A-Pfeilerverbindung und einem Sitzrahmen aus- 
gewfihlt 1st. 

43 

30. Verstfirkter hohler Strukturteii nach Anspruch 28 oder 29, bei dem das genannte flexible Element (20) hohl 1st, und 
elektrische Verdrahtung (23) sich der Lfinge nach durch das genannte flexbie Element (20) erstreckt. 

31. Verstfirkter hohler Strukturteii nach Anspruch 28, 29 oder 30, der wenigstens eine Abstandsbaugruppe (36, 38) 
30 urnfasst, die urn das genannte flexible Element (20) herum an einer Stelte auSerhaib von dem genannten ausge- 
dehnten Harz (22) angebracht 1st, wobei die genannte Abstandsgruppe eine Anzahl von sich nach auBen erstrek- 
kenden Beinen (38) in dem genannten Hohlraum (26) in fedemdem Kontakt mit einer Innenflfiche des genannten 
hohlen Strukturteils (24) aufweist 

55 

Revendlcatto na 

1. Element de construction de renforcement comprenarrt un 6l6ment flexible (20) qui fldchit au fur et a mesure que 
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la presslon est appHqude de telle sorts qu'il est possbl* de I'lntrodulre dans une piece de construction creuse 
< 24 P^ff" une (26) de geometrie lineaire non rectHlgne et de le fairs passer pa^uTcTde 
mota, dont la longueur est superieure a son diametre ou a se largeur, csr«**rte. e^u^ ic^J rn^ 
cfunesurface externede ledite longueurdudft element flexible (20) est reccuverted-uneco^heom^S^ 

tement (36) destine a centrer generalement PSIement flexible (20) dans la piece de construction (24). 
» 4 * cre7x 6nt ^ C ° n8trUCt,0n * wntorcen,ent ' selon 18 indication 1, 2 ou 3, dane lequel I'element flexible (20) est 

S ' fZls^S^ 8e ' 0n ' a WVendfcafl0n 1 ' 2 " 3 ° U 4 ' dare « 

» 6. Element de construction de renforcement, selon la revendfcation 1, 2 ou 3, dans lequel I'element flexible (20) est 

7. Element de construction de renforcement, selon rune quelconque dee revendteations precedents* dane leoual 
a * rt8,ne "P™*™* (22) set thermiquement expansibls et conflent des microspheres Reuses ^ 

8. Element de construction de renforcement, selon rune quelconque des revendteations precedents* dai» b.n..«i 
le diametre de I'element flexible (20) est de 8 a 40 mm et sa longueur de 60 a SZm ' * 

10 - ^SE^SS^ - dans leque. 

ss 11 . Element de construction de renforcement, selon la revendteatlon 4. eyant une epaiessur de parol de 0,5 a 1 2 mm. 

12, tttSttZSZZIi se,on rune queteonque de8 revendteatton8 pr6c6dent "- — N- 

«> 13. Element de construction de renforcement, selon la revendication 12, dans lequel le metal eet de ralumlnlum. 

14. Element de construction de renforcement, selon rune quelconque des revendteations precedents, qui est essen- 
tlellement recouvert du rsslne expansible (22). ' qui 681 ewe "- 

30 tanS S^Sr„, de fe ? rceme ;; se,on rune ^nque des revendteations precedentee, dans lequel 

durcisseur dicyendiamlde, 0,8% rfaccelerateur imidlzole, 1 ,1% de sillce pyrogen*, 1 .2% d'aoan t oonflTnt «Thu 
c^am to ,37%demterosph 6 resdev^ 

55 

17. E'emsnt de construction de renforcement selon Pune quelconque des revendteations 1 a 5 ou 7 a 16 dans leauel 
lonSa. W ** U " ^ 8VeC ° n ^ 6,eCtri " Ue " P ro, °^ <"» ceaili . fl e£ZlJ2 
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18. Element de construction de renforcement, selon rune quelconque des revendicatlons pr6cedentes, dans lequel 
la r6sine expansible (22) est unefeuille d6coup6e k I'emporte-piece qui est enveloppde autour de reiement flexible 
ou bien est un revStement qui a 6t6 mould sur reiement flextole (20). 

5 19. Element de construction de renforcement, selon Pune quelconque des revendicatlons 1 k 1 8, dans lequel la reslne 
expansible (22) est capable de r&ister k une temperature cfenviron 32°C k 93°C pendant des periodes prolongees 
sans presenter de degradation ou de dlstorsion qui soft provoqude essentieliement par la chaleur. 

20. Proc6de de renforcement d'une piece de construction creuse (24) poss6dant une cavite (26) de geometrie lineaire 
io non rectiligne et au moins un coude (28) avec un renforcement (22) au niveau dudlt coude (28), caract£rls6 en 

ce qu'll comporte les topes suivantes : 

introduction (fun element de construction de renforcement (20), selon Pune quelconque des revendlcations 1 
& 19, dans la cavite (26) de ladlte piece de construction creuse (24), 
is f lechissement et acheminement de reiement de construction de renforcement (20) par la cavite (26) jusqu'6 

ce que la lysine expansible (12) sort posItk>nn6e au niveau du coude (28); et 

expansion de la reslne expansible de telle sorte que la r6slne expansible solt llaisonnde sur ladite piece de 
construction creuse (24) au niveau du coude (28). 

20 21. Proc§d6 de renforcement d'une piece, selon la revendication 20, dans lequel la piece est seiectionn6e parml un 
groupe constitue (fun raccord de montant A, d'une armature de siege et d'un arceau de s6curlt6 pour un vehlcule 
k moteur. 

22. Procede de renforcement d'une piece, selon la revendication 20 ou 21 , dans lequel reiement de construction de 
29 renforcement est muni cf un ensemble d'ecartement (36) destine 6 malntenir une distance entre reiement de cons- 
truction de renforcement et les parols internes de la piece avant I'etape d' expansion. 

23. Procede de renforcement d'une piece de construction creuse, selon i'une quelconque des revendlcations 20 k 22, 
dans lequel reiement de construction de renforcement est soumls k une deformation ineiastique avant I'etape 

50 (^introduction, la deformation etant telle que reiement de construction de renforcement adopts la geometrie de la 

cavite (26). 

24. Precede de renforcement cf une piece de construction creuse, selon I'une quelconque des revendlcations 20 k 22, 
dans lequel reiement de construction de renforcement est fa$onn6 au cours de I'etape d'introduction suite au 

35 contact avec la piece de construction creuse (24). 

25. Procede de renforcement cf une piece de construction creuse, selon I'une quelconque des revendlcations 20 k 24, 
dans lequel reiement de construction de renforcement est Immobilise dans la piece de construction creuse (24) 
avant i'etape (fexpansfon. 

40 

26. Procede de renforcement cfune piece de construction creuse, selon I'une quelconque des revendlcations 20 k 25, 
dans lequel II exlste une plurality de coudes, et la reslne (22) est placee sur plus d'un des coudea. 

27. Procede de renforcement cfune piece de construction creuse, selon I'une quelconque des revendlcations 20 k 26, 
43 dans lequel la piece est une piece de vehicule, la reslne (22) est thermiquement expansible, et la reslne est ex- 
panses dans un four de peinture de vehbules pendant une etape d'appllcation de la peinture. 

28. Piece de construction (24) creuse, rigide et renforc6e possedant une cavite allongee (26) de geometrie Iln6aire 
non rectiligne et au moins un coude (28), ladite piece de construction creuse etant renf orcee au niveau dudlt coude 

so (28) par une reslne expansee (22) qui est une mousse structure*, expanse© jusqu'A ce quelle solt en contact 

etrolt et en llalsonnement avec ladite piece de construction creuse (24) au niveau du coude (28), ladite piece de 
construction creuse renf orcee etant caracterisee en ce qu'un element flexble (20) passe dans le sens longitudinal 
k travers la cavite (26) de ladite piece de construction creuse (24) et la reslne expansee (22) au niveau du coude 
(28). 

55 

29. Piece de construction creuse renf orcee, selon la revendication 28, dans laquelle ladfte piece de construction creuse 
est une piece de vehlcule qui est seiectionnee parml un groupe constitue d'un arceau de securite, cf un raccord 
de montant A et d'une armature de siege. 
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30. Piece de construction creuse renforcee, selon la revendicatlon 28 ou 28, dans laquelle ledlt 6!6mant fi«»ihi. «m 
est creux. et un cAb.aga siactrlque {23, ea pro.onge ft travars ledtt eiamsnt £ ^£XK 

31 ' rf^J^t?^ T - """T* 9, 8el ° n 18 revendtea8 °" »■ » ou 30, comprenant au molns un ensemble 

resfne expanses (22). ledtt ensemble d'ecartement possedant une plurality de panes (38) attendant vers rexte- 
rteur dans ladtte cavtte (26) en contact elastique avec une surface interne de ladtte piece de omkM m£ 
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